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PROBLEM TO BE SOLVED: To provide a method for 
etching a wafer suitable for the manufacture of a printer 
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substrate on which the film 102 wherein some parts 
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■ * NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of an ink jet type recording head equipped with the 1st 
process which forms a thin film on the surface of a substrate, the 2nd process which forms the 
thin film with which the above-mentioned thin film is etched and thickness differs partially, and 
the 3rd process which etches into the above-mentioned partial target the above-mentioned 
substrate with which the thin film with which thickness differs is formed. 
[Claim 2] The 2nd process of the above is the manufacture approach of the ink jet type 
recording head according to claim 1 which forms the level difference from which the process 
which forms the resist film in a predetermined pattern, and the process which etches the above- 
mentioned thin film into the predetermined depth by using the resist film concerned as a mask 
are repeated once or more, and thickness differs partially in the above-mentioned thin film on 
the front face of the above-mentioned thin film. 

[Claim 3] The 3rd process of the above is the manufacture approach of an ink jet type recording 
head given in any 1 term of claim 1 which is the process which etches the above-mentioned 
substrate by one wet etching which used the alkali water solution, or claim 2. 
[Claim 4] The above-mentioned alkali water solution is the manufacture approach of an ink jet 
type recording head according to claim 3 that at least one of a potassium hydroxide, a sodium 
hydroxide, a hydrazine, dimethylamine, or ammonia is a principal component. 

[Claim 5] The 2nd process of the above is the manufacture approach of an ink jet type recording 
head given in any or the 1st term among claim 1 which is the dry etching process which contains 
a fluorine in a part of reactant gas thru/or claim 4. 

[Claim 6] The above-mentioned thin film is the manufacture approach of an ink jet type 
recording head given in any or the 1st term among claim 1 which it is in any of the diacid-ized 
silicon film or a silicon nitride film thru/or claim 5. 

[Claim 7] The above-mentioned substrate is the manufacture approach of an ink jet type 
recording head given in any or the 1st term among claim 1 which is a silicon single crystal 
substrate thru/or claim 6. 

[Claim 8] The above-mentioned substrate is the manufacture approach of the ink jet type 
recording head according to claim 1 or 2 which is a glass substrate. 

[Claim 9] It is the manufacture approach of an ink jet type recording head given in any or the 1st 
term among claim 1 which forms an ink mold cavity according to the 3rd process of the above 
* thru/or claim 8. 

[Claim 10] It is the manufacture approach of an ink jet type recording head given in any or the 
1st term among claim 1 further equipped with the process which forms the piezo electric crystal 
thin film by which the piezo electric crystal film was sandwiched with the up electrode and the 
lower electrode through the above-mentioned thin film on the above-mentioned substrate 
thru/or claim 9. 
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"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the etching approach of a wafer. More 
specifically, it is related with the etching approach of the suitable wafer for manufacture of an 
ink jet type recording head. 
[0002] 

[Description of the Prior Art] The patent No. 260406 official report can be mentioned as a 
conventional example concerning this invention. The manufacturing technology of a thermal ink- 
jet printer head is indicated by this reference. 

[0003] By giving an electric pulse alternatively to the thermal energy generator which is generally 
a resistance heater, a thermal ink-jet printer emits the globule of ink according to a demand. 
This generator is located in the juxtaposition ink channel filled up with the capillary tube which is 
in the upstream from a nozzle. The edge of a nozzle and the channel of the opposite side is open 
for free passage with small ink storage, and the large-sized external ink feeder is connected to 
this small ink storage. A printer head has the heater plate and channel plate with which a heater 
is usually located on it, and a channel is formed in this channel plate. This channel functions as 
an ink path which supplies ink to a register from an ink feeder, and is made to breathe out from a 
nozzle. 

[0004] The ultra-fine processing technology of a semi-conductor is applied to manufacture of 
this thermal ink jet printer head. When forming a channel in a channel plate especially, a resist is 
given to a silicon single crystal substrate and the channel is formed by repeating anisotropic 
etching two or more times by using the resist as a mask. Since the process which generally 
etches such a complicated pattern needs to form two or more level differences etc., a 
production process increases it. 

[0005] For this reason, conventionally, the etching process of a wafer was simplified and the 
attempt which lowers a manufacturing cost has been examined variously. The above-mentioned 
conventional technique is proposed so that it may solve this technical problem. The technique 
which carries out sequential formation of the 1st corrosive mask layer and the 2nd mask layer at 
a predetermined pattern, and carries out anisotropic etching of the front face to the reference 
on the front face of a wafer is indicated. According to this technique, opening from which the 
depth differs at 1 time of an etching process can be formed. 
[0006] 

[Problem(s) to be Solved by the Invention] However, with this technique, it is necessary to use 
two kinds of masks with which the corrosion rates in etching differ. Therefore, since it is 
necessary to form the 2nd mask layer separately in the case of an etching process, a routing 
counter will increase inevitably. 

[0007] Then, this invention aims at proposing the etching approach of a substrate that a pattern 
predetermined at 1 time of an etching process can be obtained without using two or more kinds 
of mask layers, in view of this trouble. Specifically, it aims at proposing the etching approach of 
the suitable substrate for manufacture of an ink jet type recording head. 
[0008] 
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[Means for Solving the Problem] In order to attain the above-mentioned purpose, the 
manufacture approach of the ink jet type recording head of this invention is equipped with the 
1st process which forms a thin film on the surface of a substrate, the 2nd process which forms 
the thin film with which the above-mentioned thin film is etched and thickness differs partially, 
and the 3rd process which etches into the above-mentioned partial target the above-mentioned 
substrate with which the thin film with which thickness differs is formed. 

[0009] As for the 2nd process of the above, as a suitable gestalt of this invention, it is desirable 
to form the level difference from which the process which forms the resist film in a 
predetermined pattern, and the process which etches the above-mentioned thin film into the 
predetermined depth by using the resist film concerned as a mask are repeated once or more, 
and thickness differs partially in the above-mentioned thin film on the front face of the above- 
mentioned thin film. 

[0010] Since it etches according to this process through the thin film with which thickness 
differs partially in case a substrate is etched, the depth of etching of a substrate can be 
adjusted. Moreover, the depth of etching of this substrate can be adjusted by determining the 
thickness of a thin film in consideration of the speed difference of etching of a substrate and a 
thin film. 

[001 1] Moreover, as for the 3rd process of the above, it is desirable that it is the process which 
etches the above-mentioned substrate by one wet etching which used the alkali water solution. 
An ink mold cavity can be formed according to this 3rd process. Moreover, by wet etching, since 
the substrate which has a complicated pattern at 1 time of a process can be etched, a 
production process can be simplified and cost can be lowered. 

[0012] Furthermore, as for the above-mentioned alkali water solution, it is desirable for at least 
one of a potassium hydroxide, a sodium hydroxide, a hydrazine, dimethylamine, or ammonia to 
consider as a principal component. 

[0013] The 2nd process of the above is good also as a dry etching process which contains 
fluorine gas in a part of reactant gas, and, as for the above-mentioned thin film, it is desirable to 
carry out to either the diacid-ized silicon film or a silicon nitride film. 

[0014] A silicon single crystal substrate and a glass substrate can be used as a substrate. 
However, in considering as a substrate and using a glass substrate, the class of the above- 
mentioned etching approach and etching solution etc. is different to the case where a silicon 
single crystal substrate is used as a substrate. 

[001 5] You may have further the process which forms the piezo electric crystal thin film by 
which the piezo electric crystal film was sandwiched with the up electrode and the lower 
electrode through the above-mentioned thin film as a suitable gestalt of this invention on the 
above-mentioned substrate. 
[0016] 

[Embodiment of the Invention] Next, the gestalt of the best operation of this invention is 
explained, referring to a drawing. The gestalt of this operation forms on a substrate the thin film 
with which thickness differs partially, and aims at adjustment of the depth of etching of a 
substrate with this thin film. 

[0017] After explaining the configuration of an ink jet type recording head to reference for 
drawing 1 , the production process is explained to reference for drawing 2 thru/or drawing 5 . In 
~ the gestalt of this operation, although manufacture of an ink jet type recording head is explained 
to an example, it is not restricted to this and can apply to any printer head which used the 
substrate with which the depth differs partially. 

[0018] In addition, in the following explanation, the same reference number shall express the 
same name. 

[0019] [Configuration of ink jet type recording head] drawin g 1 R> 1 is a perspective view 
explaining the structure of an ink jet type recording head. This ink jet type recording head 101 
inserts in a case 5 the nozzle plate 1 10 in which the nozzle hole 15 was established, and the 
passage substrate 2 with which the piezo electric crystal thin film 3 (it consists of the lower 
electrodes 103, the piezo electric crystal film 104, and the up electrodes 105 which are 
mentioned later) was formed, and is constituted. The passage substrate 2 is also called a 
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pressure room substrate, and the ink mold cavity 14, a side attachment wall 22, and reservoir 23 
grade are formed. PZT (PZT) is used as the electrical and electric equipment and a machine 
sensing element whose above-mentioned piezo electric crystal film 104 is the driving source of 
the ink regurgitation. 

[0020] A drawing is explained to reference about the manufacture approach of the ink jet type 
recording head of this invention below at [the production process of an ink jet type recording 
head], (a) - (I) of drawing 2 thru/or drawing 5 shows the sectional view in the production process 
of the pressurized-room substrate equipped with the piezo electric crystal thin film. 
[0021] Drawin g 2 (a): Form an oxide film (silicon dioxide film) 102 1.0 micrometers in thickness by 
the oxidizing [ thermally ] method all over the first to the silicon single crystal substrate 10 of 
predetermined magnitude and thickness (for example, 200 micrometers in the diameter of 
100mm, thickness). This process is performed by carrying out high temperature processing in the 
oxidizing atmosphere containing oxygen or a steam. This oxide film 102 functions as a diaphragm. 

[0022] Next, the platinum which serves as the lower electrode 103 by the thin film formation 
approaches, such as a spatter generation film method, is formed in the front face of the oxide 
film 102 of one field (field of the side which forms the piezo electric crystal film 104 mentioned 
later) of the silicon single crystal substrate 10 by the thickness of 500nm. This lower electrode 
103 serves as the diaphragm film with an oxide film 102. As a lower electrode 103, the alloy of 
iridium, iridium, and platinum etc. is applicable to others. Besides, the laminating of the piezo 
electric crystal film precursor is carried out. this process — the mol of a titanic acid and lead 
zirconate — membranes are formed by repeating eight coating / desiccation / cleaning until it 
becomes the thickness of 0.8 micrometers with a sol gel process about the precursor of PZT 
system piezo electric crystal film with which a mixing ratio becomes 44% : 56%. However, it is not 
restricted to this approach but the RF spatter forming-membranes method and a CVD method 
may be used. 

[0023] After forming this piezo electric crystal film precursor, in order to crystallize a piezo 
electric crystal film precursor, the whole substrate is heated. After holding this process at 650 
degrees C in an oxygen ambient atmosphere from both sides of a substrate for 5 minutes using 
the infrared radiation light source, it is heated at 900 degrees C for 1 minute, and crystallizes a 
piezo electric crystal film precursor by carrying out a natural temperature fall after that. A piezo 
electric crystal film precursor serves as the piezo electric crystal film 104 according to this 
process. 

[0024] Then, the up electrode 105 is formed on the piezo electric crystal film 104. This process 
forms 100nm platinum by the spatter forming-membranes method. As an up electrode 105, the 
oxide of iridium, iridium, the alloy of platinum, palladium, a rhodium, gold and an indium, and tin is 
applicable to others. 

[0025] Drawin g 2 (b): The spin coat of the resist A is carried out to all the front faces of an up 
electrode, and it is applied to them. Resist A is carried out exposure / development / BEKU with 
a mask (not shown), and the resist A hardened as shown in drawing is formed. This resist A 
functions as a mask for leaving an up electrode to the location corresponding to a pressure room 
at the etching process mentioned later. 1.0 micrometers of protective coats 106 which consist of 
organic film on it are formed with a spin coating method. In case this protective coat 106 carries 
out wet etching which mentions later the inferior surface of tongue (the field in which the piezo 
electric crystal film 104 is formed, and field of the opposite side) of a substrate 10, it functions 
as a protective coat. Moreover, Resist B is given as preparation for etching a substrate 10 and 
forming a pressurized room. This resist B is for forming the thickness of an oxide film 102 so 
that it may differ partially. 

[0026] Drawin g 2 (c): An oxide film 102 is etched with hydrogen fluoride by using Resist B as a 
mask, and the aperture 1 1 for etching of a substrate 10 is formed. At this process, the oxide film 
102 exposed to a front face is removed altogether. The front face of the substrate 10 exposed 
to the front face at this process is a field most deeply etched in the etching process of the 
substrate 10 mentioned later. 

[0027] Resist B is exfoliated after etching termination of an oxide film 102, and the new resist C 
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is given. This resist C is given in order to etch an oxide film 102 into the film with which 
thickness differs partially like Resist B. In this example, Resist C was given so that some fields of 
the oxide film 102 exposed to the front face might be covered. 

[0028] Drawing 3 (d): Half etching of the oxide film 102 is carried out with hydrogen fluoride by 
using Resist C as a mask, and the half etching field 12 is formed. Half etching means etching into 
the thickness of arbitration to early thickness, and the amount whose amounts of etching are not 
0% of thickness and 100%, either is said. Here, the thickness for 0.8 micrometers which 
correspond to 80% with a thickness [ of an oxide film 102 ] of 1.0 micrometers is etched. 
According to this process, the half etching field 12 becomes 0.2-micrometer thickness. 
[0029] In addition, although thickness of an oxide film 102 was made into two steps in this 
example, thickness may be used as two or more stages, such as three steps and four etc. steps, 
by etching an oxide film 102 further. 

[0030] It is as follows when it explains using other drawings other than the production process 
Fig. of the gestalt of this operation of this point. (I) of drawin g 6 and drawing 7 - (XI) prepare 
three level differences from which thickness differs partially in the thin film on a silicon substrate 
(silicon dioxide film), and show process drawing at the time of etching a substrate through the 
thin film to it. Here, in order to simplify explanation, the piezo electric crystal thin film formed on 
a substrate is not illustrated. 

[0031] For example, the silicon dioxide film Y (1.0 micrometers of thickness) is formed in the 
front face of silicon substrate X with a thickness of 200 micrometers by the oxidizing 
[ thermally ] method, and a protective coat Z is formed in this substrate upper part (side which 
forms a piezo electric crystal thin film) through the silicon dioxide film Y ( drawing 6 R> 6 (I)). In 
case this protective coat Z carries out wet etching of the inferior surface of tongue of silicon 
substrate X, it functions as a protective coat, the inferior surface of tongue of silicon substrate 
X — Resist F — giving — photograph RISOGURAHII — patterning is carried out to a desired 
pattern by law. Subsequently, as shown in drawing 6 (II), the silicon dioxide film Y exposed to the 
front face by using Resist F as a mask is etched completely. As an etching solution, fluoric acid 
etc. is applicable. The aperture P1 which silicon substrate X exposed according to this process 
is formed. Then, Resist F is exfoliated. 

[0032] Subsequently, the resist G by which patterning was carried out so that some silicon 
dioxide film Y might be exposed is formed ( drawing 6 (III)). And half etching of the silicon dioxide 
film Y which used Resist G as the mask and has been exposed to a front face is carried out by 
fluoric acid, and the half etching field Q is formed in the silicon dioxide film Y ( drawing 6 (IV).). 
Here, 79% of thickness is etched and thickness of the half etching field Q is set to 0.21 
micrometers. 

[0033] Subsequently, Resist G is exfoliated ( drawing 6 (V)), and Resist H is formed so that a 
part of half etching field Q may be exposed ( drawing 6 (VI)). And half etching of the half etching 
field Q exposed to a front face by using Resist H as a mask is carried out so that thickness may 
be set to 0.18 micrometers ( drawing 6 (VII)). Hereafter, this field is called half etching field R. 
[0034] Subsequently, Resist H is exfoliated ( drawin g 6 (VIII)). And wet etching of the inferior 
surface of tongue of Substrate X is carried out in the potassium-hydroxide water solution of 10% 
of weight concentration ( drawing 6 (IX)). At this time, the etching rates of the silicon dioxide film 
Y formed by the oxidizing [ thermally ] method are 3 nm/min, and the etching rates of a silicon 
• substrate are 2000 nm/min. Therefore, when all the silicon dioxide film (0.18 micrometers of 
thickness) of the half etching field R is etched and Substrate X is exposed to a front face, the 
depth L1 of etching of silicon substrate X is set to 120 micrometers. All the silicon dioxide film 
of the half etching field R is etched, and the condition that the aperture P2 was formed is 
expressed with drawing 6 (IX). 

[0035] In addition, in this drawing, it is illustrating with a different dimension from the scale of 
operation of explanation for convenience. 

[0036] Etching progresses further and drawing 6 (X) is illustrating the condition that all the 
diacid-ized film of the half etching field Q was removed. At this time, the depth L2 of etching of 
the substrate X etched through the aperture P1 is 140 micrometers, and the depth L3 of etching 
of the substrate X etched through the aperture P2 is 20 micrometers. 
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[0037] Drawing 6 (XI) is illustrating the condition that silicon substrate X was etched until the 
silicon dioxide film Y of a substrate top is exposed through an aperture P1. At this time, the 
depth L4 of etching of silicon substrate X etched through the aperture P1 is 200 micrometers, 
and the depth L5 of etching of silicon substrate X etched through the aperture P2 is 80 
micrometers. Moreover, depth L6 of etching of silicon substrate X etched through the half 
etching field Q is 60 micrometers. The shape of surface type of this etching is almost the same 
as the shape of surface type of etching shown in drawing 6 (X). That is, etching will progress, 
maintaining mostly the shape of surface type of etching shown in drawing 6 (X). 
[0038] Thus, the depth of etching of silicon substrate X can be adjusted by changing the 
thickness of the silicon dioxide film Y partially beforehand in consideration of the selection ratio 
in etching of the silicon dioxide film Y and silicon substrate X. 

[0039] Here, it returns to explanation of the production process of the gestalt of this operation. 
[0040] Drawing 3 (e): Exfoliate Resist C and a protective coat 106 after termination of half 
etching explained by drawing 3 (d). And the up electrode 105 and the piezo electric crystal film 

104 are etched by the dry etching approach by using as a mask the resist A exposed to the front 
face. This etching process is performed at the dry etching process which contains fluorine gas in 
a part of reactant gas. As reactant gas, CF4, SF6, and NF3 grade are applicable. However, 
reactant gas is not restricted to the above-mentioned F system, but may use the gas of a Cl-F 
system or CI system. 

[0041] Drawing 3 (f): Subsequently, after exfoliating Resist A, Resist D is given so that some 
lower electrodes 103 and the up electrode 105 which were exposed to the front face may be 
covered. 

[0042] Drawin g 4 (g): Dry etching of the lower electrode 103 is carried out by using this resist D 
as a mask, and Resist D is exfoliated. Although chlorine gas, such as CI2 and HCI, was used as 
reactant gas at this process, the gas of a chlorine system and the mixed gas of carbon dioxide 
gas may be used. Moreover, the ion milling method besides reactive ion etching may be used as a 
dry etching method. Moreover, wet etching besides dry etching can also be used. In this case, 
acids, such as a hydrochloric acid, a nitric acid, a sulfuric acid, and fluoric acid, can be heated, 
and it can be used as etchant. 

[0043] Drawing 4 (h): Form an insulator layer 107 with a CVD method so that the up electrode 

105 and the lower electrode 103 which were exposed to the front face may be covered. The 
silicon nitride film was used as this insulator layer 107. For others, an insulator layer 107 can 
also use polyimide and a fluororesin. Subsequently, in order to form the contact hole 13 for the 
wiring 108 mentioned later to connect with the up electrode 105, Resist E (not shown) is given 
on an insulator layer 107. By using this resist E as a mask, into the mixed gas of Freon, 
hydrogen, and nitrogen, dry etching of a part of insulator layer 107 is carried out, and a contact 
hole 13 is formed. Subsequently, the wiring 108 for connecting the up electrode 105 and an 
external electrode (not shown) through a contact hole 13 is formed by the spatter. The 
laminating of aluminum or gold, the laminating of chromium and gold, and titanium etc. is 
applicable as wiring 108. 

[0044] Drawin g 4 (i): Next, a protective coat 109 is formed with a CVD method, a spin coating 
method, etc. so that the whole front face of the substrate upper part may be covered. At this 
process, a silicon nitride film, a fluororesin, etc. are applicable as a protective coat 109. This 
~ protective coat 109 functions as a protective coat at the time of carrying out anisotropy wet 
etching of the inferior surface of tongue of a substrate 10 at the following process. 
[0045] D rawin g 5 Q): A substrate 10 is etched from the field of an aperture 1 1 after that using an 
anisotropy etching reagent, for example, the potassium-hydroxide water solution of 10% of 
concentration kept warm by 80 degrees C. This drawing shows the phase which etched 
altogether the half etching field 12 in an oxide film 102. Since the selection ratio of the etch rate 
of silicon and diacid-ized silicon is 700:1 in a potassium-hydroxide water solution with a 
temperature of 80 degrees C in 10% of weight concentration, while the half etching field 12 in an 
oxide film 102 is etched, the silicon of the aperture 1 1 of a substrate 10 is etched promptly. 
Since the thickness of the half etching field 12 of an oxide film 102 is 200nm, when the oxide film 
of the half etching field 12 is etched and the front face of a silicon substrate exposes it, the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2006/03/13 



JP,11-157073,A [DETAILED DESCRIPTION] 



6/7 ^— v 



depth d1 of the substrate 10 etched through the aperture 11 is 140 micrometers. 
[0046] Usually, 0 although the silicon dioxide film functions as a mask at the time of etching a 
silicon single crystal substrate, in consideration of the selection ratio to the potassium- 
hydroxide water solution of the silicon dioxide film, the depth of etching of the silicon single 
crystal substrate 10 can be adjusted by making the thickness into a suitable value. 
[0047] In addition, in this drawing, the scale of explanation actual for convenience expresses 
different drawing. 

[0048] Drawin g 5 (k): Etch a substrate 10 succeedingly and form the ink mold cavity 14. The field 
of the substrate 10 etched through the aperture 11 is etched by Fukashi by whom the oxide film 
102 by the side of the piezo electric crystal film 104 is exposed. This depth d2 is 200 
micrometers. On the other hand, the field of the substrate 10 etched through the half etching 
field 12 of an oxide film 102 is etched by Mr. Fukashi in the middle of a substrate 10. This depth 
d3 is 60 micrometers. Therefore, it has the relation of d1+d3=d2. Therefore, if a substrate 10 is 
etched through the half etching field 12 of an oxide film 102, compared with the case where the 
direct substrate 10 is etched, only d1 can make the depth of etching of a substrate 10 shallow. 
[0049] After forming the ink mold cavity 14, a protective coat 109 is exfoliated. 
[0050] Thus, two or more level differences can be prepared in an oxide film 102, and the depth of 
etching of a substrate 10 can be adjusted by changing thickness partially. Moreover, thickness is 
changed partially and also the same effectiveness can be acquired by choosing the ingredient of 
a thin film in consideration of the selection ratio of etching of a substrate and a thin film. 
Moreover, since the time amount to which a substrate is immersed in an etching reagent beyond 
the need can be reduced, excessive etching can be prevented. 

[0051] Moreover, since a desired pattern can be obtained at 1 time of an etching process, the 
etching approach of the suitable substrate for mass production method can be offered. 
[0052] Drawing 5 (I): Finally stick a nozzle plate 1 10 on the base of a substrate 10. As this 
process shows to drawing, the others and ink passage 17 and the ink supply way 16 are formed. 
[ mold cavity / 14 / ink ] Moreover, the nozzle hole 15 of** of the regurgitation of the ink 
produced in the volume change of the ink mold cavity 14 through vibration of the piezo electric 
crystal film 104 is formed in the nozzle plate 1 10. 

[0053] In addition, a glass substrate may be used although the case where a silicon single crystal 
substrate was used as the quality of the material of a substrate in the gestalt of this operation 
was explained to the example. In this case, by the forming-membranes methods, such as a 
spatter and a CVD method, the silicon dioxide film or titanium oxide is formed on a glass 
substrate as film with which thickness differs partially, and the depth of etching of a glass 
substrate is adjusted. 

[0054] If this point is explained concretely, half etching of the silicon dioxide film formed on the 
glass substrate will be carried out partially, and it will consider as the film with which thickness 
differs. Half etching forms a resist by the predetermined pattern on the silicon dioxide film, and is 
performed by etching only the predetermined depth by fluoric acid by using this resist as a mask. 
And a glass substrate is etched, using a sodium-hydroxide water solution, fluoric acid, fluoric 
acid, ammonium fluoride mixed liquor, etc. as an etching solution. Since the selection ratio in this 
etching solution of a glass substrate and the silicon dioxide film is set to about 10:1, the depth of 
etching of a glass substrate can be adjusted by adjusting the thickness of the silicon dioxide film. 

[0055] Moreover, in forming titanium oxide on a glass substrate, it considers as the film from 
which thickness differs partially by half etching like the case of the above-mentioned silicon 
dioxide film. And when etching a glass substrate through this titanium oxide, the dry etching 
using the reactant gas of CF4 besides [ which used fluoric acid, fluoric acid, and ammonium 
fluoride mixed liquor ] wet etching, and CHF3 grade can be applied. 
[0056] 

[Effect of the Invention] Since according to this invention it etches through the thin film with 
which thickness differs partially in case a substrate is etched, the depth of etching of a 
substrate can be adjusted. The depth of etching of this substrate can be adjusted by determining 
the thickness of a thin film in consideration of the speed difference of etching of a substrate and 
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a thin film. 

[0057] Since etching from which the depth differs at 1 time of a process can be carried out in 
case wet etching of the above-mentioned substrate is carried out especially and simplification 
****** can do a production process while reducing a routing counter, the manufacturing cost of 
an ink jet type recording head is reducible. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the decomposition perspective view of the ink jet type recording head of this 
invention. 
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[Drawing 7] 
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[Description of Notations] 

10 Silicon Single Crystal Substrate 

102 Oxide Film 

1 03 Lower Electrode 

1 04 Piezo Electric Crystal Film 

105 Up Electrode 

106 Protective Coat 

107 Insulator Layer 

108 Wiring 

109 Protective Coat 

110 Nozzle Plate 

1 1 Aperture 

12 Half Etching Field 

13 Contact Hole 

14 Ink Mold Cavity 
. 1 5 Nozzle Hole 

16 Ink Passage 

17 Ink Feed Hopper 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2006/03/14 



<19>H*IP&?F/T (J P) (12) & Jf| ^ ^ (A) (lOttSFWB^WS^ 

#51^11-157073 



(43)&HH ¥j£ll*F(1999)6J!15B 



(51)IntCL 6 






F I 




B4 1 J 


2/045 




B4 1 J 


3/04 1 0 3 A 




2/055 






1 0 3H 




2/16 
















*S3c B*S<OSC10 OL (£: 9 H) 


(21)ffl®#^ 




ft«¥9 - 329994 


(7DW1HA 


000002369 












(22)tHBIB 




¥^9 ¥(1997) 12^ 1 0 




ytummm&mim 2 tb 4# 1 ^ 








(72)|89Hf 


ttJR « 










^m§6ifrtf*ft3TB3#5*§ t^fn 


















(74)ft3A 





(54) [3SK<£>£*M >f>*>>xy h*^^yl*©«to6« 



(57) »»] 



■1ft. 



1 12 



•102 



10 4 K%fm^ ps ±&mm 



^103 



(2) 



ttfflW- 1 1 -1 5 7 0 7 3 



[m#n 1 ] at«o*ffirciE»$»tt-r«« i coxa 

2 <7>xa<t. ±Eff#ttlcj?$a>Jltt«jCMR 

[M** 2] ±E*2a>xai** ±iH»^(7)a®± 

ISUvX Hl^X^i L-C±E3SJB*BfS(Da*lcx 
v^>y-r*X«fctlBIBLtHUaL, ±E»«lc» 

[»*a3] ±Em3(Dxa(i. 7ju*y*»»*is 
l*fc 1 EKDOx^ hx^^>^f|cj:y±E»IE*x^5 t 

z>jimx'&%m-$.m i xi*m#ji 2 ©ami* 1 n 
[1S*^4] ±is:r;u* y*»»(**Mfls* u OA. 

TKK^h'JOA. th*7vX V^^JUT 

5 ] ±e* 2 ©xgiisj£^rx<D-fipiz^ v 

m *«t? K ^ -< x „ ^ > ^XHT* fc £ iff *a 1 Jb Sfg* 

3S4©5*><5i*i^i^izEtsa>-r >^vx^ hitisfi^ 

[MM 6 ] ±E5fflKI±-»<bS/ U a >MXI*SMb-> 
y zj >|Ofl^?t«IRM 1 TiSlff^JS 5 <3 5 *>ffi 
ElzEfilaW >?v>xy hSffiftA^ Kfl>«** 

im*m 7 ] ±ES«iiv y ^ >i&«flSffi-e& <&M 
#311 7?>SW#JI 6<7)5 *> fWi*1 JSKEtta-f v 

[M*«8] ±B»Sli»7X»S-c*5B«* 1 X 

[MXfl 9 ] ±E» 3 <DJZm\z± y fcf-r-f 
-*»fi8-T *M*« 1 rtMfg** 8 © 5 1 Sic 

BOMW >*yx* KaEftA^ K©MJft*a. 

[»#JS 1 O] ±E»tt±lc±E»M*tf LTBEW* 
M3^±»«*atfT»««-C»**ifcffi«i*BM*** 
»*t«lit* fc^MS-SM** 1 7iSM*Sl9a>5 

wcEa©* vx^ kscem^^ K<z)» 
[0001] 



[0002] 

[«*©a«] *«^i^«t>^a*«<tLri*wm2 6 

[0003] -9— ■ >^ ■ vx-y h • ^y >$fi 
-&l::«ftfc-*-C?&£+J--v;u ■ 3L*jl¥- • vx* 

>*JU4-f >^7 >9 AMMB^ t> US*** l=« 

[0 0 0 4] z(D-y—-?j\s vx y h ^'J 

^ K<DM5fi^c^4itt©^*©«ffl^xa»36<l6ffl*4^TL^ 

1*1^. :?u— hic^-v>^;u^^^-r 

i/'J 3>#eaSfilzi/vX h€MU ^<DU 
[0 0 0 5] CCD*=#U tt*. Oi/^I'Vf>yig 

#txo ±E«e*a«i*^a>MM*iB*-r«K<a3R**L 

m 1 ©vx^s^i/m2©^x^ig^RffS(7)/<^— 

*iTi** 0 zay&ffiiz&tiit. 1 [u©x^^>^xa-e 
»*<Z)«3S:4llllD»*»fiE-r*ci:A<-e#4o 
[0 0 0 6] 

Wettx«/^>^fcJt4BAiSa(D*4:-6 2a!B(D-7 

a©K(3|S2C7)v^^)l^Sii^fi£"r^^)!)<fc^/c 
^MfcxaK^ltan-riCirtft*, 
[00 0 7] f:^ *«ffl(*C(DBBHjaicM^. ffift 

mm<o^^<?m^mi^\^ 1 isKox^^v^xa-eRifS 
KxtE^^ Ko>j»ai=jfHift»«fl!)x^^>y»a*' 

[O O O 8] 



(3) 



ftffi¥ 11-15 7 0 7 3 



fcf::*fMH<D-f >*vxs/ hSCEtt^ K<D»ift*a 
f*. »«(D«ffil=:5CBI*»fiK-r«K i ©Hi, ±E3J 

^20)18(1:, ±BB4mf=V£0>Mtt*!BB*<llJft 
**lTl**±E*«£x^:yyr*!B3<DXei* £ 

[0 0 0 9] *«IH<D»jBft»ffli LT. ±EfB2(0X 

[ooio] miiwy, »fitx^f>yt4 

£o C (D»S(Dx^^>^a>3R tfjEJB 

[001 1] ±tEm3<7)xa(*. 7;u*U7k*;a 
/^->s*t««fisx7f>mctA^*i(o 

[0012] S&i:, ±Er^*U*»attt7K»<b*U 
^A. *Bft-J- h l J ^ A. tKr/X ^fjl/7 5> 

±#B*Lls 

[0 0 13] ±E*2 0)xattfili6**X<D— »fC^^* 
#XMt?K7-fxyf>yi§i Ltt,«^<, ±E» 
KlixBfl: v'J a >BX 'J a >B<D<5Mi^i-r 

[0014] »SiLti/'Ja>lM6Mfc *5X» 
[0 0 15] *ftMO»aftJKffliLT. -tE&ffixlC 

*hfcEH*i?«?*»ilt«xit* 6i=«*r * 

[0 0 1 6] 

■y»«a>x^^>yoa*a)Bft$ia*tia)-c?*«o 

[0 0 1 7] 01 tMM^Si*; KSCE»^^ K 
0)i«*K«Lfc», IH2 7b3IE5£##l^<7>g(&X 



[0 0 18] JaT<0ttWlcfcl*TI*H-<D#B«* 
[0 0 19] hSffiS'N^ K«>«B] (H 

y X;u^i 5<D»itb*ifc/X;^i/- mo, ai/ 

Effiftsjffiie^a tbwhi 0 3. amt*B 

1 0 4&y±»I«1 O 5A^6«fiE**t4) (DKlt&tl 
ft:9UHM&2£* «{»5l=*»aA/-C«a**l«. 3fEK 
S« 2 t»W#h. -f v^+^e^r-r-1 

4. «B2 2i3J:t;yif— /<2 3*3b<»fiK**L*o ±E 

[0 0 2 0] [^^yi7 haiSft^'V K0>B£X 

(a) - (I) ttJ£«1«:)SBB7«Bx.fcft]EBK«a) 
BBxaKfcMf «»BB*3fLTI**. 
[002 1 ] H2 (a) : £<T. )W£<Z>Xi*£iJ¥£ 

ES 1 0 0mm. ff£ 200/im) ©v'Ja 

>*MMtBl oi=»U -ea)^BlcBB1b&l=J:yB 

<bn (-Mitmmm 1 o 2 1«$ 1 . ou mff£j£-r 

ca>xar*B*«i>l**Bftt*t?Bfttt»B*+ 
■eiS;a«D ! S-r^ci-e^5b u©WbPi0 2rtsifi 

[0022] v zi >HMeaa« 1 o <D-j3<om 

(^3i-r^iEm<*Bi o * &tetfi-f zmnm) <omtm 

1 0 2<D*nBlcx/<^4r*fiRBa«a)SJB»fiK*aic < fc 
l JTBM 1 0 3 itt*e*£«x.tf % 500 nm(De 

s-cjfcjs-r*, ctDTSPmsi 0 3iaftii 0 2ii 

tr-«B«B**te4*fl>-e*4o Tffl5®Hl 0 3iL 

H-rsciafit-e**. w©±icE«f*Bifflffif**8iB-r 

44%: 5 6%£tt«£5ttPZT3jEttttBa>flrB<t 

x/it«/KB*i»yB-rzir=j:yiaB-r* 0 iu 

[0023] z:<»i£mi*mmmft£mm&. Km&mm 
ai±#maffl»5tess*ffli^ra«(Oia5®36^BiR8HSt 

*t6 5 0 o Ct'5^g)#Lfcts 9 0 0 0 CtM^M 

U «a)BBBBBd««Cilcj:yEB(«£BttB«0!) 
•MHL£fr5. ca)xafcj:yffiB(*BWB(*l*BE«(* 



(4) 



ftfflsp 1 1 -1 5 7 0 7 3 



11 04kt£Z> o 
[0 0 2 4] E«#jg1 0 4±ICj:ffl5m@1 0 

5SMtl)o C<7)Xf§l£ 1 00nm(Dfi^X/^7^ 

jSK&KTJBJdc-r*. ±ffi««i 0 5<tLT(itelc. -f 
»J v^A, -f'Jy^iS^^ /^vOA, Pi/ 

[0 0 2 5] B2 (b) : ±».«aO)*»ffifCUi?X 

a>±ic*anK^t)ft*«BiBH o 6^e>3~fo 

^ttfCcfcU. 1. 0^mJ!2fiE-r3o Z(7)«a^10 6li 
&fil OCDT® (Emi*Jg1 0 4A*S*iit^4Ii 

ftlliiraiit^^ajt^^o fi«i o£x 

[002 6] 02 (c) : UvXhBSTX^tLr 

&<bBl 0 2^^fe:7K^lcj:yx^5 1 >yL. 1 o 

i:»ULrL^iiftiio2i±tiitit*. :(Dii 
T*i&m\z&thLtz&foi o<©afi^*i*ai-r*»«i o<& 
x*/^>^x«fcfcixT-#«< x^^>^sn*B-e 

[0027] «<bKl 0 2a)X7f>y*»7a, Uiy* 
KB*M*U grfcfcUvX hC£fflrf 0 Z(7)UvXK 
CliUS;7hBtH»(C»kI1 O 2^a5^MlCff*(D 

HftiKlcx^^^^-rtfciftrzifi-rt^-cft*. CCD 

«-e(*. SBicBULfeiKftiii 0 2<D-m<Dm®£m. 

[002 8] 03 (d) : UvX hC$^X<7<t Lt 

— ^X^5=->y«l«1 2$Mtlio i\—-2JLy?Z*V 
tit. aMcDBBrcWL-CfijKflOWSfcx^^v^-r* 

X y T^^ltfBJVO) O 96 "Cf t 1 0O%t' 

*«:l***i*5o ccrte* BibJSi 0 2<0JS* 1. o 

Um<DS 0%fC|g^-r^O. 8//m#fl)if*l-;f> 
^-f£ 0 zdDXBlCcfcy. /N — ?x?^>SfBign 2li 

0. 2 mOBJUCfc*,, 

[0 0 2 9] f*h C<Dffl"CI£»<bBl O 2<DJ5££ 2& 
iCLfctf. $blci^jil0 2$X7f>^tl.C<l:l: 
iot»*$3S, 4»«a>Blka)Kkl::LTt,J:l\, 

[0030] c©ji5S*sitta)»ffl<©«JtxaHJSJma) 
ffia)BB*ffl^rKIH-r4i:JaT^)J:3lca4 0 H6^ 
tfH7(D (I) - (XI) l4i/<j3>Jt«±0)»B (- 

mt&mm) iz*»nr=:*«a>iift«3oa)iBs*K 



it. *a>*«*^LT»«*x^^>y-r*i8a>xBH 

S«±rc»A^ti«E*i«:9IBX?«ttB^LTlMa: 
I*. 

[0 0 3 1 ] 0l|x.f;f, 15* 2 0 0 ifmCS/'J 3 >£%X 

a>affifcx»^bSiRKY (BJV1. o/im) «RHMbft 

fi'j) t-mtajw y Lt«mz (■ 

6 (I) ) o c<D«BBztti/Ua>*«xa)Tffit^ 
x^ Kx^^>y-r*Bic*BB4 LT«H6-r^t»<D-e 
fc£<> v U □ >M X WTIl: U h F J I L, 7* 
K'JVv*7t^ — a-CBfaa>/<* — >lc/^5r -x>y-r 
4o #a>tf. 0 6 (II) ic^-rj: L/yXFF$7 

1 Lxmmizmth ifezMixi y £S£icx ^ 

[0 0 3 2] #1^0* X»fca*BY(D-«36<Baj-r* 
J:5lc/^^ — * >y$*LfcU$?* KG^Mtl) (06 
(III) ) o f LT, L/v^hG^7^^l:lt$®f: 

^L. -»<b&*fflYl::/\-:7x^>y«#Q£^j$ 
■T* (06 (IV) 0 BIfl)7 9%$X^f> 

^L. /\— :7x^>^iHJ*Qa>BJ**o. 2 1 //mt 

[ O 0 3 3 ] *LVC % Ui?X h G L (0 6 

(V) ) . /\-7X V ^>y««Qfl!)-»*«Bai-r«J: 

5fcbvA HH*fl3fiM-4 (H6 (VI) ) 0 fit, U 
hH£^;0<h LTS®(cR£iJLTl^£/\---:7Xy 

^■>^«i*Q£J»Sj5<0. 1 8 /imfZl^cfc 5, /n— 7 

x*v^>y-T^ (0 6 (VII) ) o JUT. Z<Dffl«S/\ 

— 37 X y R 1 1* 5 o 

[0 0 3 4] *IVC. l/5XhH$«i« (0 6 (VI 
ID ) . fit, »«Xa>TB*a*BflEl 0%(7)7KK 

fb*U^A7K»^T?^x^ hx^f^t-5 (0 6 (I 

X) ) o Z<Dt$. ftiftStMLf^H^XRY 
OX^f>yi/-Hi3 nm/m i nT?fcy. y'j3> 
SS(DX7f yy^U- hli2 0 0 0n m/m i nt'fc 
4. ftoT. /\— ^x^^>^ffl«R(DXBiba*B 

(HiO. 18//m) <0±T#X^:yyS*u SffiX 
^«BfcBttJ-r*i#. y'JaySfiX^x^f^ 
SSL1I41 20//mt44.'B6 (IX) -CI*/\— ^x 

[0035] ft. z(DBT?i*ttwa>ffl:i:-t. |gffi<DffiR 

[0 0 3 6] 0 6 (X) li^bfCX^^tfit^ /\ 

— ^x^^v^WKQ^xBibB^r-^-clR^S+ifctt 
SI*0^LrL^4a Z<Dt$. mP 1 S^Ltx^fy 
y$*tfc*SX<Dx^^>^a)3R*L2l4l 40//mf 



(5) 



ftffl¥ 11-15 7 0 7 3 



>y<a3££l_3li2 0^m-Cfe^) o 
[003 7] 06 (XI) Itl&P 1 **LT*«-bffl<DX 

l_4l£2 0 0 A< mt'fty . gP2^LtI^f>^^ 
tLfcvU^JVSffiX^X^^X/^O^^ L5(i8 0//m 

>^**lf-v'J=3>»«X<DX-/5 L >^a)3BS* L6I4 6 
0//mT'fc£ 0 C<DXy^>^<7)S®ff£#I40 6 (X) 

*>, me (X) ic*Lfcx^^>yo>*ffijK«se«it 
»Lfc**x^^>y^a»fcc:tlc35i:* 0 

[0 0 3 8] C0>J:3I=. -8^a*iYtvU3^S 

c x a) x ^ r > y i= fc it * ii#ut * #a l x ^ #> - mt 

»«xo>x^5 1 >ya)a*$Bl»-r4c:i:A<-e#* 0 
[0039] ::r% *^ffia)^ffi<offl2gxjg<7)i5i0^ic 

[0040] B3 (e) :H3 (d) "eMLfc/\-7 
X-/^>^CD«7«, L/v^hCMgai10 6^| 
K-f^o t Lt«ffilcBtt Lfc l/S?X h A$7^(7 1 L 
T±$flm*I1 0 5&U:iEm#^1 04$h7^l7f> 

^at'i^f^^t^, c(Dx^^>^xefij&j£^ 

5o SJE#X<h LTI4. CF 4 , SF 6 , NF3^A<2S 
ffl-C^^o {ML. RJ6**^li±EF3RI^H€)*L-r. C I 

[0 04 1 ] 03 (f) : %.l*X. Ui?XhA*«« 

Lfc*. asicstBLy-Tajmsn 0 3<7)-fflJst/±sn 

Ml 0 5 ^S5J:5l3UvX hD5If 0 
[0042] 04(g) : dCDUvX HD£vX^<t 
ItTfllMl O 3 S K7^i w ;f ^L, UvXhD 
CI<BXflT-l4J&JE;^<h LTC I 2 , HC 

nr<f&k lx&&&4*>^vt>?<d^ 

ms. mm. mm. mm. ^^s^gjwLtx^ 

[0043] @4 (h) : *B5lzBtti*ilfc±»«ai 

0 5&trF»««1 0 3*6I3«k3lC|ft|ft«1 07fC 
VD}£-emm-?&o -(DfftjRKl 0 7 kLXmtisiJzi 

1 0 8;b<±3im*£i O5<tsss-r^/z^o)a>^>> h/tN 

-JH 3 *tef£'t&tz#>iZ&1gLm 1 07±Cbi;xhE 



tKSI. a*a)ffi^**x*ict5^rl6lSMi 07 
Bffii 0 5<t^spm® (0^-fr-f) &tt«H-«fc«>a>G 

«1 0 8^^^S-(?Mtl) o IE«1 08^LT7 

[0044] 04 (i) : ^iz. mm±mcomm^ 

Ja5^5H§SH 09$cvd^ x^a-f-f 

>^a»icj:yjatDi-r4« ccoxfi-ei4SKflSi 09 1 

«BH o 9 l4;j^(DX^T*Ste 1 o^Ti^S^x 

[OO 4 5] 05 (j) : »*ttx^^>y 
J*. #Jx.l£. 8 0°ClC-S;g*tlf-Sg 1 0%O>7K^b* 
U^A7K?g;$£ffll>TSl 0£x-/^ 
>^f^o C<DHTf[4K^tBI1 0 2l=i3lt*/\-7X-/ 

^0 IfliBSi 0%-cSS8 o°co)7k^{b*j UOAtK^ 
»l^fclNTI4. i/ijui/k Zijbv U a ><7>x -/ 5 1 >^ 

&ga)3i«i±i£7 00:1 -cfc^a)-e. ffifcig 10211 
-^i^StR 1 ocoSi 1 covUaxijg^Nicx^^v 

y^H^)o i^bH O 2<D/\— 7X*;/^>^«Jgtl 2(7) 
i^lj:2 0 0nmt*$)^^b, /\— 7X y ^ XTWR 1 

2 <DK^bJH*<x ttr v U 3 V*«0)*ffitfg 

fciJLfc£#. &1 1 ^LtX7f^SW:i«1 O 
(Dm^d 1 lil 4 O/im^fe^o 
[0 0 4 6] -i{biti[iyUn>»8SSS 

jt**jau *o>&£&mM*tj:mk-rz>zbiz±<z>xis 
'jn>mea»fii oa)x-/^>^(3!)Sg**iis-ri»z 

[0 0 4 7] M % c©B-cfilttW©«a±. HR$0>«&R 

<bf4M&oTl^0£*LTl^ o 
[0 048] 05 (k) : 5l#«#«ffi1 Ofl)X^f> 
y*frlV 4£ff2/£-T£o 81 1 

$<Htx^>«*ifc»fii 0<DSSW4E®f*jgi 
0 4fl(0Bft|1 0 2A<gt±i$^^)^$^-e.X^5 i >^ 
S^X^o ^(D^*d2l*200^mtfc^ o — JS % Mit 
11 0 2<7>/\— ^X^^>^i|8 1 2^Ltx^f> 
^^^ifc^ffil O0)ffiJCf£&£l OCD^^Ogg* *T*x 
^^V^^tl^p ZCDSi^ d 3l*6 0//mt'W o t^o 
T. di+d 3 = d 2 <7>IH£lcfc£ 0 ttlC % ®<b^ 1 0 
2<D/\— Z?^V^ls<fm$L^ 2*^-LrS4Sl OJX^ 

SSI 0CDX^^>y<n^^^ d t y£it^<-r^>c 
[0 0 4 9] -f^^tr-r-1 4£BJ£L*:&. S 



(6) 



nmW- 1 1 -1 5 7 0 7 3 



an 0 9$»«t^o 

[0 0 5 0] c<DJ:3r^kHli o 2lc«»a)S»«« 
It. JSS^ttMlC^^Z^lCcfcoTgffil 0<7)x-/ 

[005 1 ] *fc. 1 HKT^X^^l/^X^r-RfflKD/^ 

x *v x/xm zmm-r * c <t *<-e ^ * 0 

[0 0 5 2] 05 (I) : 0<DfeW\ZSX 

;u^u~hi 1 o*Ky -^xg-cnic^-r^ 
1 i oiziiiE®i*jgii 04<D««<Mt-r»^e 

JU5S1 5^Jt^^TLN^ 0 

[0053] m % **ifca)»«ii=fci^r»Sa)*ti(tL 
<b^£ >*#^x»«±ic»»Micj|[*a)llft*M < b L 

[0 0 5 4] C®jft*JUM$|=IB«-r«i:* 

x^^^y-T^^^lc^: tjfrdo fit, x^>$fjg 

a^fcit*a«lti4tti o : i <h&£cD-e. xftfb&* 
M£>flSJ¥ £ HS-r £ - £ t? * 9 x gffio x +j > ^(7? 

[0055] *^x*fi±icK^5 t ^>s^ja-r 
"xy^>«fr=*yiB»»i=i»4a>ji«:*«i:-r*. *l 

T\ Z(Dttfc^*>$^Lr#^^*tE*x^^>>f-r 
tfll^fc^X^ hX-/^>^(Z)fl6. CF 4s CHF 3 f 
[0 0 5 6] 



BBfC »#MI=»S<D*#*»«SttLTx^:/$r-r 
5fl)t\ Sffi(?)X7f>^^SSa8t-5Ci:3{i<r^ 

[0 0 5 7] Wf= % lEttf)!*; hX7f>m 
^7?#40)Tf. Xg»$-^b-r<ti:^fcStitXg$faB§ 

[B1] *fPJl<D-f >^i?x-/ hxClB»^-> K<D#»#l 
[0 2] *»^^vi<; hxCIE^-/ KtDMifiX 
[0 3] *»o^vi>; hxtEfi^y Ka>»itx 
[0 4] *S6W0)-f hsCKft^ KtOJliix 

[0 5] ***(0-f^5iy haiS»'N^ KtDMitX 

[0 7] MHO^^yi^ hSIBS^^ KflDtttX 



1 


0 


S/>j3>JMII«i 


1 


0 2 


&<bK 


1 


0 3 


TSP®*! 


1 


0 4 




1 


0 5 




1 


0 6 




1 


0 7 




1 


0 8 


§B«8 


1 


0 9 




1 


1 0 




1 


1 


m 


1 


2 




1 


3 




1 


4 




1 


5 




1 


6 




1 


7 





(7) 



**I§fW 1 1 - 1 5 7 0 7 3 



11] 



m2] 



15/*^ 



110 J*** 




101 -f >^i?x-y h^E»^-> F 



[0 5] 




103 



11* 



(a) 



ZZ2 



(b) 



_ .iosji««a 

n ^103T*«a 



4+10 sx»; 3> 



K\S\SSM 



^102 SHtJR 



106 «HJB 

— =:Vl04EEHf*JH 
^S-103Ta?«| 



r 



.-102 «ffc» 



(c) 



•102ftfk« 



Wv>* !-C 



[07] 



(k) 




(vn) 



(vm) 



3= 



=3 T 

PI 



-r — t — r= 

Q R Q 



(0 



SSPl 



ap2 




144 v^t^^ 
1lOy x^7*u- h 




15; X^K 



W lt=^ 



. U L6 L5 



(8) 



ftfflW- 1 1 -1 5 7 0 7 3 



EH 3] 



^NVnSH lis "tts 



7 

l-y* l-C 



■102 
KffcR 



(e) 



UvJ* l>A 



(0 



1 04 £E<^MBjl05 ilff 



103 

-102 
SfcffcJBI 



[HI4] 



(g) 



ios±«ma 



E 2 Z 



103 TSWi 




(h) 




(I) 



108 ra« 




(9) 



¥f$fl¥ 1 1 -1 5 7 0 7 3 



[06] 



(I) 




^ I ■ r 



(no 




U h G 



(jv) 



(v) 



(VI) 



